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本文通过使用重组的 SHP2-GST 融合蛋白作为靶蛋白，GST 蛋白作为反筛
蛋白，以 80 个碱基的随机单链 DNA 寡核酸库作为初始库，经过 10 轮筛选，获
得了 3 条与靶蛋白 SHP2 高特异性与高亲和力结合的单链 DNA 核酸适体，其中
优的一条核酸适体 HJ24 的解离常数 Kd 达到 11 nM。圆二色谱法以及溶解曲线
测定的结果显示核酸适体 HJ24 形成了一个链内平行的 G 四聚体结构，该四聚体
结构的稳定性强烈依赖于 K+的存在，并且，K+可以通过影响核酸适体 G 四聚体
的结构进而影响其与靶蛋白结合功能的发挥。进一步研究发现核酸适体 HJ24 对
SHP2 蛋白的 PTP 活性区具有很强的抑制性，IC50 值达到 132nM，而且其抑制功
能可以被其 cDNA 实时且可逆的调控，结合其能够高特异性高亲和性的结合

































Reversible tyrosyl phosphorylation, which is controlled by protein tyrosine 
kinases (PTKs) and protein tyrosine phosphatases (PTPs), regulates numerous 
signaling events that are fundamental to virtually all essential cellular processes. A 
member of the protein tyrosine phosphatase (PTP) family, the SH2 domain-containing 
phosphatase SHP2 is regarded as a bona fide oncogene. Since its discovery, Shp2 has 
been established as a critical contributor to signaling pathways of many important 
kinases including Ras-MAPK, Jak-Stat and PI3K-AKT, regulating a broad range of 
cellular processes including proliferation, differentiation, migration, apoptosis, and 
immune responses. It has been well established that dysfunction of SHP2 is associated 
with leukemia, diabetes and breast carcinoma. Understanding how SHP2 and other 
PTPs contribute to oncogenesis would provide new insights into pathogenesis and 
might suggest new targets for antineoplastic drugs. Moreover, screening of inhibitors 
to PTP domain of SHP2 has become an active research area for therapeutic 
development. Several inhibitors of SHP2 have been identified from chemical library 
through in vitro high throughput technologies. However, these chemical inhibitors are 
far enough to the treatment of cancer. Consequently, design of a selective molecular 
probe that binds SHP2 with high affinity and excellent selectivity will be of great 
significance to delineate the physiological roles of the protein.  
Currently, aptamers as a new class of molecular probes have attracted much 
attention. Aptamers are single-strand oligonucleotides that can recognize a wide 
variety of molecules ranging from small organic molecules to proteins. They are 
obtained from an in vitro screening technique termed SELEX (System evolution of 
ligands by exponential enrichment). Aptamers have many important attributes 
including high affinity and specificity, quick and reproducible synthesis, flexible 
modification, biocompatibility, low toxicity and in vitro stability. These advantages 
make aptamers promising ligands for medical and pharmaceutical research, drug 















Through ten rounds of selection using recombinant SHP2-GST protein as target 
and GST protein as counter target, we have identified three single-stranded DNA 
aptamers that selectively bind to SHP2 with Kd in the nanomolar range. CD 
measurements and melting temperature assays demonstrated that the optimal aptamer 
HJ24 forms a parallel G-quadruplex structure, which is vital to the binding of HJ24 to 
its target. Moreover, HJ24 showed strong inhibitive effect on SHP2 phosphatase 
activity and an IC50 value of 132 nΜ. We further demonstrated that the inhibitory 
effect of HJ24 can be regulated in real time by its cDNA. This aptamer has great 
potential to serve as a tool to delineate the function of SHP2 phosphatase in normal 
physiology and in pathological conditions and as a lead ligand for further 
development of novel therapeutics for the treatment of SHP2-dependent human 
malignancies and other diseases. 
 













第一章 绪  论 
1 
第一章 绪  论 
1.1 核酸适体与 SELEX 技术 
核酸适体（Aptamer，也译为核酸识体、核酸适配子）是指从人工合成的
DNA/RNA 文库中筛选得到的能够高亲和性和高特异性地与靶标分子结合的单
链寡核苷酸。核酸适体技术是由美国 L. Gold 和 J. Szostak（2009 年诺贝尔奖获
得者）两个研究组 早提出的。1990 年 Gold[1]研究组运用体外筛选技术获得能
与 T4 DNA 聚合酶特异性结合的 RNA，并把该技术定义为 SELEX (systematic 





































PCR 扩增，形成次一级核酸库，利用生成的次一级核酸库重复步骤 2 和 3，直到
获得核酸文库对靶分子的解离常数达到目标值；5）对所获得的核酸序列进行克
隆测序，鉴定测定序列与其靶分子结合的特异性和亲和力。随着每一轮筛选条件




图 1.1 SELEX 筛选流程图[3] 
Fig 1.1 The scheme for the SELEX process[3] 
由于适体与靶物质结合具有高的特异性和亲和力，加上其稳定性方面和
SELEX 技术上的优势，在过去十几年中，采用 SELEX 技术已经筛选出能和小分
子、多肽、蛋白质，甚至对整个细胞均有良好识别能力的适配子。表 1.1 总结了
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